Abstract This study aimed to determine the role of environmental factors in the pattern of vegetation related to marsh soils, which are rare in the Baltic coastal zone. It was assumed that the pattern of vegetation directly affected by seawater depends on seawater salinity, and in general reflects the decreasing salinity gradient of the Baltic Sea. The research of vegetation and soils (0-25 cm) has been undertaken on 11 selected sites along the Baltic seacoast in Germany, Poland and Estonia. According to TWINSPAN classification, five plant communities were distinguished: the Puccinellia maritima-Spergularia marina community, Juncus gerardi community, Agrostis stolonifera-Phragmites australisScirpus lacustris ssp. tabernaemontani community, Phragmites australis-Calystegia sepium community and Elymus repens community. A canonical correspondence analysis showed that the most important environmental factors influencing vegetation differentiation were: electrical conductivity of the saturation paste extract, hay/pasture management, redox potential, soil moisture and actual pH. In conclusion, the spatial distribution of the investigated vegetation and soil properties along the Baltic Sea shore were inconsistent with the spatial salinity gradient of the open surface seawater, but was significantly dependent on local conditions. This was confirmed by the highest soil salinity and most abundant occurrence of Salicornia europaea in Estonia.
Introduction
The Baltic Sea is a brackish, semi-enclosed, almost non-tidal, inland water body in Northern Europe. Due to limited water exchange with the North Sea and its receiving a large freshwater runoff, there is a strong, west-to-east salinity gradient across the open Baltic surface seawater (0-10 m) (20 ‰ in the Kattegat; 8.0 ‰ in the Bay of Greifswald, 7.0 ‰ in the Gulf of Gdańsk, about 5.5 ‰ in northern Estonia, in the Gulf of Bothnia and less than 3 ‰ in the eastern part of the Gulf of Finland). Fluctuations in seawater salinity are low during the year, with the maximum usually recorded in the spring and summer periods due to inflow from melting ice, river water and precipitation (Majewski and Lauer 1994) .
The coastal vegetation reflects plant species' tolerance to salinity and waterlogging, which is visible in their zonation (Chapman 1960; Adam 1990) . Therefore, besides salinity, the dominant factor for Baltic coastal vegetation is water level fluctuations, which are dependent on the season, and determined by wind direction and force, air pressure and discharge from rivers (Dijkema 1990) , as well as microtidal activity (Adam 1990) . Another very important factor seems to be rises in sea level, which may result in the loss of coastal habitats (Nicholls et al. 1999) . Some authors (i.a., Morris et al. 2002; Moeslund et al. 2011) emphasise that the Baltic coastal areas are highly susceptible to this global change because the tidal influence is negligible. On the other hand, for some northern and eastern Baltic regions the sea-level rise can be counteracted by ongoing postglacial land uplift (Kall et al. 2014) .
The Baltic coastal marsh vegetation can be generalised as salt grasslands (managed habitats) and brackish reed beds (natural vegetation). Salt grasslands comprise areas that have developed due to sedimentation, peat formation or land rise, and are irregularly flooded by saline or brackish water (Wanner 2009). However, some of them on the Baltic coast are affected not only by seawater but also by brine associated with fossil salt deposits uplifted to the surface, or relict seawater (Grube 2000; Bosiacka et al. 2011) . They are characterised by relatively high salinity and a high number of halophytic plant species (Piotrowska 1974; Bosiacka et al. 2011) . Moreover, salt grasslands are found at a higher level in the zonation, and more inland on so-called salt patches, which developed as a result of chloride and sulphate accumulation in the topsoils during dry periods (Dijkema 1990) .
In general, Baltic salt grasslands are considered to be valuable and endangered ecosystems (Dijkema 1990; Rannap et al. 2007; Wanner 2009; Bosiacka et al. 2016) . They are designated as wetlands of international importance according to the Ramsar Convention on Wetlands (1971) , as habitats of European importance according to the EU habitat directive (European Commission 1992) and as special protection areas for birds according to the EU birds directive (European Commission 1979) .
The Baltic Sea coast is dominated, especially in Poland, by sandy beaches, dunes or cliffs. Although small, there are many salt marsh sites with brackish or salt marsh soils, which have developed under the direct influence of open Baltic water or brackish water in river deltas and lagoons (Hulisz 2013) . They have formed on both marine and marine-alluvial sediments. The properties of these soils are mostly dependent on local water properties and flooding frequency. Such salt marsh sites have been described in Germany (Bernhardt and Koch 2003) , Sweden (van der Graaf et al. 2007 ), Estonia (Ratas et al. 2006; Hulisz et al. 2011) and Poland (Pracz 1989; Hulisz 2013; Hulisz 2016) . The spatial differentiation of vegetation directly related to marsh soil properties, had not been well described until now, whereas the general characteristics of the Baltic coastal grasslands have (Rebassoo 1975; Dijkema 1990; Fock et al. 2002; Czyż 2006; Wanner 2009; Ludewig et al. 2015) .
Therefore, the aim of our study was to determine the role of environmental factors in the pattern of vegetation related to brackish/salt marsh soils along the southern and eastern Baltic seashore. It was assumed that this pattern depends on water salinity, and in general reflects the decreasing salinity gradient across the Baltic Sea. Moreover, we tested if field measurements of actual soil properties reflect vegetation differentiation and could be included in simple monitoring of these valuable habitats.
Study Area
The research was carried out in four study areas along the coastal zone of the southern and eastern Baltic Sea Coast: Bay of Greifswald, Germany (G); Szczecin Lagoon, Poland (PS); Gulf of Gdańsk, Poland (PG) and the western and northern coast of Estonia (E) - Fig. 1 .
The Bay of Greifswald is a lagoon located in north-eastern Germany, and locally called BGreifswalder Bodden^. There are flat plains of glacial origin built from sand and tills, and local depressions filled with organic deposits (Niedermeyer et al. 1995) . The study was conducted at two sites seasonally flooded with seawater: Karrendorfer Wiesen and Kooser Wiesen. They are managed, and grazed by livestock (cattle). In contrast to the Karrendorfer Wiesen, revitalised after removal of flood embankments, the Kooser Wiesen have never been diked and have been preserved as nearly-natural, undisturbed salt grasslands (Lampe and Janke 2004) .
The Szczecin Lagoon is a large, brackish water body (salinity 0.6-0.9 %) in Germany and Poland. It constitutes the Oder River estuary system, and is affected by seawater intrusions (backwater) through the Peenestrom, Świna and Dziwna straits. The first site is situated within the reverse delta of the Świna River (Karsiborska Kępa Island), whereas the two others (Chrząszczewo Island, Wrzosowo) are located on the banks of the Dziwna strait. The PS study sites were dominated by peat, mud and silty alluvial soils, and used as a pasture in some places. Karsiborska Kępa Island (315 ha) was diked and turned into a polder during the first half of the twentieth century. Chrząszczewo Island (10 km 2 ) is partially protected against flooding by embankments. Fig. 1 Location of the study areas and the sampling sites: G -Germany; PS -Poland, Szczecin Lagoon; PG -Poland, Gulf of Gdańsk; E -Estonia The Gulf of Gdańsk is located in northern Poland. The Władysławowo site is situated in the coastal zone of the Puck Lagoon on the Hel Peninsula, the long sandy spit that constitutes a border with the open Baltic waters. The other sites were located within the Vistula River delta, and therefore strongly affected by backwater. Soils of the PG study area were developed from stratified, organic-matter-rich, marine and alluvial deposits, which reflect the changing conditions of sedimentation often caused by human impact. This is particularly evident in the Vistula River delta, where the land was drained and the river banks were strengthened (Hulisz 2013) . At present the Władysławowo site is used as pasture, while the others are wasteland.
Three study sites are on the Estonian sea coast (E). Two of them were located in the north-west (Kassari Island) and eastern (Põgari-Sassi) sections of the Väinameri Strait. They are on the shores of shallow lagoons, with low land relief and mineral soils formed of bipartite marine sediment deposits overlaying weakly-permeable, carbonate-rich glacial sediments (Hulisz et al. 2011; Hulisz 2013) . These sites are traditionally grazed meadows. The third study site (Paljassaare) is in the eastern part of the Saartevahe Haak, a small bay at the tip of the Paljassaare peninsula in the Tallinn area on the Gulf of Finland. Overgrown with reed beds, it is a sandy beach zone with a marine sand layer, resulting from accumulating wave activity, which sits on till layers (Elvisto 2010 ). This site is not managed.
Most study sites have a protected status (e.g. a halophyte reserve in Władysławowo, Käina Bay-Kassari Landscape Protection Area and Matsalu National Park), and were included in the Natura 2000 network. Some are also a refuge for rare bird species (e.g. Karsiborska Kępa Island, the Vistula River delta and Paljassaare) listed in the EU birds directive (European Commission 1979) .
In the Bay of Greifswald area, similarly to the Polish coast, the climate is warm temperate, fully humid with warm summer (Cfb). The climate of Estonian coast is significantly colder, and classified as snow, fully humid with moderately warm summer (Dfb) (Kottek et al. 2006 ). The changes in seawater level in the study areas are wind-induced and partly depend on the varying seasonal atmospheric pressure. According to Majewski and Lauer (1994) , extreme deviations from the mean sea level are usually recorded during the autumn and winter months. They range respectively from +0.95 to 1.0 m (G), from +1.1 to 0.7 m (PS), from +1.5 to 1.0 m (PG) and from +1.2 to 0.9 m (E).
Methods

Field Work
In total, 39 phytosociological relevés were collected in patches directly affected by seawater: 6 in Germany (G1-G2 -
Brave Vistula River outlet), and 10 in Estonia (E1-E5 -Kassari Island, E6-E8 -Põgari-Sassi, E9-E10 -Paljassaare) - Fig. 1 . Relevés were taken along a gradient from the waterline, i.e. from the pioneer zone to the meadow or reed bedsusually 2-3 points. The Braun-Blanquet method was used (Braun-Blanquet 1964; Westhoff and van der Maarel 1978) . The size of each relevé was ca. 10 m 2 to represent local soil conditions. Nomenclature follows Flora Europaea (Tutin et al. 1964 (Tutin et al. -1980 . In each plot a soil sample (0-25 cm) was taken. Three random samples were taken by sampler in each plot and mixed to create one representative for the relevé. The following soil properties related to current environmental conditions were measured in the field: redox potential (E h ) and reaction (pH a ) by potentiometric method, electrical conductivity (EC a ) and moisture content (% v/v) of bulk soil (M) by Time Domain Reflectrometry (TDR). In addition to soil material, 28 Baltic Sea water samples, representative for each of the four study areas, were taken and analysed. As far as possible, each plot was classified within categories of management type: (i) not used lands (salt meadows excluded from exploitation) and (ii) hay/pasture lands (managed salt meadows).
Laboratory Analysis
In the air-dry soil samples, the organic matter (OM) content was determined by loss on ignition at 550°C. Saturated paste extracts were prepared to evaluate soil salinity level. Reaction (pH e ), electrical conductivity (EC e ), content of chlorides (Cl ), sodium (Na + ), calcium (Ca 2+ ) and magnesium (Mg 2+ ) ions were determined (van Reeuwijk 2006) . In addition, reference measurements (pH, EC and ionic composition) were taken in the seawater (Hermanowicz et al. 1999) . Based on the obtained results, the following calculations were made (Jackson 1958; van Reeuwijk 2006) : sodium adsorption ratio (SAR), salt percentage in saturation extract (P ew ) and salt percentage in soil (P es ).
Data Analysis
The influence of location (G, PS, PG and E study areas) on soil properties was tested by Kruskal-Wallis one-way analysis of variance by ranks with post-hoc mean rank multiple comparison (Dunn test) (Zar 1999) . Box-and-whisker plots were drawn using STATISTICA 9.0 software (Statsoft Inc.) .
Before the analysis of species data, the cover/abundance values obtained with the Braun-Blanquet scale were transformed into ordinal scale values according to van der Maarel (1979) .
Plant communities were separated from the set of phytosociological relevés by the Two Way Indicator Species Analysis (TWINSPAN, Hill 1979) with the use of the TWINSPAN package (Hill and Šmilauer 2005) . They were defined as groups of similar species composition and abundance.
The pattern of vegetation distribution in the gradient of measured environmental variables was analysed by ordination methods. Canonical Correspondence Analysis was applied (CCA) because Detrended Correspondence Analysis (DCA) results detected a strong unimodal structure in the vegetation data (Jongman et al. 1995) . The relative importance of each environmental variable and its statistical significance in vegetation differentiation was assessed by the forward selection of the explanatory variables and Monte Carlo permutation test. The independent and dependent effect of each factor was taken into account. The Canoco 5.0 package was used for calculations (ter Braak and Šmilauer 2012).
For comparison of soil parameters between distinguished plant communities, the same nonparametric tests were used as in the case of research area comparisons (Kruskal-Wallis oneway analysis of variance by ranks with post-hoc Dunn test) (Zar 1999) .
Results
Water and Soil Properties
The coastal seawater was characterised by typical brackish features (pH 7.6-9.0; EC 8.0-11.1 dS·m 1 ; salinity 4.7-7.0 ‰) - Table 1 . Although the samples were taken in different geographical locations, a relatively low spatial variability of seawater properties was observed. However, the highest pH, EC values and Na + , Cl , SO 4 2 ion content were recorded in the coastal waters in northern Poland (PG) and Estonia (E). Two hydrochemical types of water are distinguished: Cl-Na (PS, PG, E) and Cl-Na-Mg (G). The latter contained up to six times more magnesium than calcium.
The characteristics of the investigated soils is shown in Fig. 2 . They were formed on stratified marine-alluvial and marine deposits dominated by sands with varying admixtures of finer fractions. Many of these soils had thick surface horizons (up to 30 cm), rich in both autochthonous and allochthonous organic matter.
The Kruskal-Wallis test with post-hoc mean rank multiple comparison revealed that most of the analysed soil parameters (with the exception of Mg 2+ and P es ) significantly differed between the study areas. The salt percentage (P sw ), and major constituents of seawater such as Cl , Na + , Ca 2+ ions were excluded from the diagram because these parameters demonstrated a strong correlation with such salinity indices as EC e and SAR.
The actual moisture (M) and organic matter (OM) content in all analysed soil samples was very heterogeneous (M 9-78 %, OM 0.3-56 %). The first parameter was significantly higher (p = 0.043) in soils from study area G than in study area E, while the second was significantly lower in E than in other regions (p = 0.010, 0.014 and 0.033, respectively). The studied soils had a redox potential (E h ) in the range of 25 to 517 mV, which suggests the presence of both anaerobic conditions and strong oxidation of the soil environment. The E h values recorded in soils from the PG study area were significantly lower (0.043) than in soils from G (Fig. 2) .
The values of pH a varied from 4.1 to 7.6, and pH e from 2.2 to 8.1. The strong acid reaction (pH e ) was measured in ironsulphide-rich and carbonate-poor soil samples (G and PS), which were oxidised under laboratory conditions. This may suggest the presence of potential acid sulphate soil material. The pH a and pH e parameters showed a similar pattern, and were significantly lower in regions G (p = 0.000 and 0.008) and PS (p = 0.002 and 0.004), as compared to region E.
Electrical conductivity (EC a 2.4-9.0 dS·m 1 ; EC e 12-48 dS· m 1 ) and sodium adsorption ratio (SAR 16-36) reached significantly higher maximum values in study area E than in study area PS (p = 0.008, 0.028 and 0.012, respectively) - Fig. 2 .
Vegetation of Seashore Zone
In total, 93 species were noted in the relevés. The most frequent species from the whole study area were: Agrostis stolonifera (present in 64 % of relevés), Atriplex hastata var. salina (54 %), Spergularia marina (44 %), Phragmites australis (41 %) and Juncus gerardi (38 %). Among halophytes, the most frequent besides A. prostrata, S. marina and J. gerardi were: Plantago maritima (33 %), Triglochin maritimum (26 %) and Bolboschoenus maritimus (21 %). According to TWINSPAN classification, five groups of phytosociological relevés were distinguished: the Puccinellia maritima-Spergularia marina community, Juncus gerardi com., Agrostis stolonifera-Phragmites australis-Scirpus lacustris ssp. tabernaemontani com., Phragmites australis-Calystegia sepium com. and Elymus repens com. (Fig. 3) .
The Puccinellia maritima-Spergularia marina com. Was typical for the first vegetation zone close to the waterline, and was noted on the Estonian (Kassari Island, Põgari-Sassi) and German (Kooser Wiesen) coasts. It was characterised by a low number of species and relatively low total species cover. However, on the Estonian coast Salicornia europaea and Suaeda maritima frequently accompanied two main species, i.e. P. maritima and S. marina.
Patches of Juncus gerardi com. were present in all investigated sites as salt meadows. They were characterised by relatively high cover of J. gerardi and the presence of other halophytic species, such as: Glaux maritima, Triglochin maritimum, Puccinellia maritima, Spergularia marina, Plantago maritima and Aster tripolium.
The next vegetation cluster, i.e. Agrostis stoloniferaPhragmites australis-Scirpus lacustris ssp. tabernaemontani com., covered vegetation patches of wet subhalophilous meadows with relatively high abundance of grasses, such as Agrostis stolonifera and Festuca rubra, and reed species, such as Scirpus lacustris ssp. tabernaemontani, Bolboschoenus maritimus and Phragmites australis. Single halophytes were noted in the relevés (Fig. 3) on the Polish and Estonian (Paljassaare) coasts.
Phragmites australis-Calystegia sepium com. was typical for the Polish coast, and was present in all investigated stands next to pioneer vegetation zones directly affected by waves. It was characterised by dominance of Phragmites australis accompanied by Calystegia sepium, Symphytum officinale, Phalaris arundinacea, Filipendula ulmaria and halophilous Atriplex hastata var. salina.
Elymus repens com. with dominant Elymus repens, Calamagrostis epigejos and Juncus effusus was represented by only one relevé, taken behind the small dike on the Karsiborska Kępa Island (Szczecin Lagoon). content, E h -redox potential, pH e -pH of the soil saturated paste extract, pH a -actual pH measured in the field, EC a -electrical conductivity of the bulk soil, EC e -electrical conductivity of the soil saturated paste extract, SAR -sodium adsorption ratio. Study areas abbreviations as in Fig. 1 
Factors Responsible for Vegetation Differentiation
Results of CCA analysis revealed that among the measured environmental variables, only OM, pH e and P es were not significant in the species distribution pattern (Table 2) . Because many factors were correlated with each other, conditional effects were analysed. It was discovered that salinity (expressed as EC e ), management type (hay/pasture vs. not used), redox potential, actual moisture and pH a were the most important (Table 2) . These significant factors all together accounted for ca 24 % of the total species variance. Salinity accounted for the highest amount of variance, i.e. 6.9 %, then management type (5.3 %), followed by E h (4.6 %), M (3.6 %) and pH a (3.4 %).
The most saline places were occupied by Puccinellia maritima-Spergularia marina com. (Fig. 4) . Next in the salinity gradient were Juncus gerardi com., Agrostis stoloniferaPhragmites australis-Scirpus lacustris ssp. tabernaemontani com. and Phragmites australis-Calystegia sepium com. Elymus repens com. was not separated on the ordination diagram and was located among patches of Ag-Ph-St com.
The management type gradient was of the same direction as the salinity gradient. All patches classified as Pm-Sm com. Table 3 .
Discussion
There were only small differences in the coastal water salinity within the analysed fragments of the coastal zone in the territory of Germany, Poland and Estonia - Table 1 . Therefore, the obtained results can be considered as inconsistent with the spatial gradient of salinity of the Baltic Sea water (Majewski and Lauer 1994) . This can probably be explained by specific, local environmental conditions in the coastal zones, especially the limited exchange of waters, the occurrence of the shallow lagoons and the riverine inflow (Hulisz 2013) .
The significant impact of local factors on the soil environment in the area of the southern and eastern Baltic Sea coast was strongly confirmed by the results of the Kruskal-Wallis test with post-hoc mean rank multiple comparison (Fig. 2) . The obtained data proved the statistical significance of the selected soil parameters in the differentiation of the study areas, which did not correspond to their location in the salinity gradient of the Baltic Sea open surface waters (nor to coastal water properties - Table 1 ). Characteristics related to salinity (EC a , EC e and SAR) were one of the most important criteria differentiating the soils at sites located in the four Baltic Sea regions in Germany (G), Poland (PS, PG) and Estonia (E). In showing correlation between typical species (of over 10 % of fit into ordination space) and significant environmental variables (p < 0.05). EC e -electrical conductivity of the soil saturated paste extract. SARsodium adsorption ratio, E h -redox potential, M -actual soil moisture, pH a -actual pH, hay/pasture -hay or pasture lands, not used -abandoned places. Species abbreviations cover three letters of genus name and three letters of species name. Full species names and names of circled vegetation clusters as in Fig. 3 addition, the unique combination of environmental factors in the Estonian coastal zone may contribute to very high soil salinity (EC e > 30 dS•m 1 ) and sodicity (SAR >20). The coastal flat plains in this region are developed from marine sediments overlaying glacial tills, which are a barrier to the vertical infiltration of saline water (Kalm and Kadastik 2001) . In some cases, their long-term stagnation on poorly permeable layers and intensive evaporation, mostly during the summer season, can cause a very high increase in the salt concentration (EC up to 76 dS•m −1 ) (Hulisz et al. 2011) . Taking into account the brackish character of the Baltic sea waters, that phenomenon should be considered as very rare and untypical.
Single relevés of vegetation patches in the direct ordination results (Fig. 4) were not exactly located according to the averaged soil properties of investigated Baltic regions. That is to say, halophyte occurrence and the distribution of distinguished plant communities more closely reflected soil properties within the regions (on a local scale). As stated by Hulisz (2013) , some soils directly affected by seawater may present a very specific spatial distribution pattern, where salinity increases with distance from the waterline (up to 100 m). This can be explained by small-scale morphological diversity and other soil properties. A similar spatial heterogenity of local environmental conditions reflected by halophilous vegetation can be also found in Polish inland areas (Piernik et al. 2015) .
The parameters responsible for vegetation pattern were EC e , E h , M and pH a - Fig. 4 . Soil salinity has already been reported as the principle decisive factor for vegetation pattern from other salt marsh areas in the world (Chapman 1960; Adam 1990; Ortiz et al. 1995; Wanner 2009 ). The second important factor besides salinity was the management type of the studied sites. Some research has demonstrated, however, that management type can be even more important than salinity in influencing vegetation patterns (Amiaud et al. 1998; Jutila 2001; Piernik 2012) . Moreover, the vegetation pattern can be affected in a different way by different intensities of cutting and grazing (Bakker 1989; Kiehl et al. 1996) . We investigated relatively small areas directly affected by salt/ brackish water and, there, it was difficult to determine if the area is permanently mown or grazed (sometimes both). To obtain and assess the general pattern of investigated vegetation, we decided to distinguish only two categories of management, as is mentioned in the section Methods. In the case of our research, salinity and intensity of land use were in the same direction (Fig. 4) , which is to say that the most saline places in the investigated gradient were managed. The third factor -redox potential -was related to the actual water table and its low values indicate anoxic conditions that can limit some species' occurrence. In tidal marshes, species have to face such conditions much more frequently than at the Baltic Sea coast (Adam 1990 ), but even on the Baltic Sea this factor is important. The last variables, i.e. actual moisture and pH, are known to be important for halophytic species distribution (Piernik 2005; Wanner 2009; Bosiacka et al. 2011) . What is quite surprising is that we did not detect any influence of organic matter content on vegetation distribution. This factor has been reported by many authors as important for halophytic vegetation because organic matter and nitrogen content can increase species' salt tolerance (Kiehl et al. 1997; Liu et al. 2004) . At the same time, organic matter is responsible for many other properties of saline soils Hulisz 2016) . The obtained results suggest that, in the investigated seashore zone, which was directly related to the influence of water, organic matter did not affect general species pattern. We related the general vegetation pattern to the abiotic condition. However, there are many studies, especially in coastal tidal marshes, that stress the following biotic factors as important: competition (Snow and Vince 1984; Bertness 1991; Pennings and Callaway 1992; Ungar 1998; Egan and Ungar 2001) , impact of parasites (Pennings and Callaway 1996) and herbivores (Miller et al. 1996) , and the presence of mycorrhizae (Neto et al. 2006) . These influence the general pattern and can modify the vegetation pattern on a local scale.
The distribution of species along the salinity gradient as we have described (Fig. 4) reflected a pattern known already from coastal and inland saline areas in Europe, with Salicornia europaea in the most saline places, followed by Suaeda maritima, Atriplex pedunculata, Puccinellia maritima and Spergularia marina, then Juncus gerardi, Plantago maritima, Aster tripolium, Atriplex hastata var. salina, and reed beds species Scirpus lacustris ssp. tabernaemontani, Eleocharis uniglumis, Bolboschoenus maritimus and Phragmites australis (Chapman 1960; Adam 1990; Nienartowicz and Wilkoń-Michalska 1993; Piernik 2005) . The gradient of land-use intensity demonstrates the presence of dominant Phragmites australis in unmanaged places, and species typical of salt meadows (dominated by Juncus gerardi) in patches used as pastures or hay meadows. Phragmites australis is a saltresistant species that can grow in extremely saline sites (Mauchamp and Mésleard 2001; Piernik 2012) . Therefore, we relate its presence to management rather than salinity, although in our study, salinity and management were of the same direction (as explained above). A similar pattern to that of the Baltic Sea coast was described by Jutila (2001) and Wanner (2009) .
Vegetation patches in the investigated sites were classified into five plant communities (Fig. 3) . In managed places of the highest salinity (EC e , TDS, Mg 2+ , Ca 2+ ) on the German and Estonian Baltic Sea coast, Puccinelia maritima-Spergullaria marina community was present (Table 3) . This community has been described as typical for lower marshes on the Baltic coast (Dijkema 1990 ) and is present in lower marshes of the Wadden Sea (Bakker 1989) . Second in the gradient of salinity was Juncus gerardi community, present on managed coastal meadows in all investigated areas. This vegetation type typically had significantly lower pH a than in patches of the previous community. Low pH a values can likely be explained by high levels of soil aeration and weak buffer capacity (lack of carbonates) favouring oxidation of sulphides (Hulisz 2013 ). This community is typical for middle marshes (Bakker 1989; Dijkema 1990) .
The next two plant communities, i.e. Agrostis stoloniferaPhragmites australis-Scirpus lacustris ssp. tabernaemontani com. and Phragmites australis-Calystegia sepium com. Were found in places of significantly lower salinity compared to Pm-Sm community. In general, they did not differ significantly in salinity level compared with Jg com. However, they cover mostly unmanaged patches. Therefore, they can be thought of as early and late successional stages, as described by Wanner (2009).
Ag-Ph-St com. in this case represented the early successional stage. Dijkema (1990) identified Agrostis stoloniferaJuncus gerardi community within lower marshes on the Baltic Northeaster Archipelagos. Therefore, this community could represent lower marsh vegetation, because it was characterised by a relatively lower salinity level and worse oxygen condition for vegetation.
Ph-Cs community was typical for unmanaged, backwateraffected areas. Dijkema (1990) placed this type of vegetation as typical for emerging flats on the Baltic coast. The presence of Atriplex hastata var. salina indicated soil salinity in the vegetation patches (Piernik 2003) , whereas Festuca arundinacea, Potentilla anserina, Agrostis stolonifera and Festuca rubra could be evidence of the potential grassland origin of these places. Therefore, they could represent the late successional stage, dominated by Phragmites australis after abandonment (Wanner 2009).
Only one relevé represented Elymus repens com. The communities with abundant Elymus species are more typical for upper coastal marshes (Bakker 1989 ) and for inland saline areas (Piernik 2012) .
In conclusion, the spatial distribution of the investigated vegetation and soil properties along the southern and eastern Baltic seashore were inconsistent with the spatial salinity gradient of the open surface waters of the Baltic Sea. However, the obtained data proved the statistical significance of the selected soil parameters in the differentiation of the four study areas, which did not correspond to their geographical location. This is in contrast to our initial assumptions. Instead, vegetation pattern was dependent on the local environmental conditions. The main driving environmental factors for vegetation differentiation were: EC e , management type, redox potential, actual moisture and pH a . Results confirmed the key role of management for presence and structure of halophilous vegetation. Comparing the use of field and laboratory measurements for monitoring purposes, it seems appropriate to include those measured-in-field soil parameters which were significant for vegetation (M, E h , pH a ), together with electrical conductivity of saturated paste extract (EC e ) as a salinity measure.
Our results are important for understanding vegetationenvironment relationships on non-tidal salt marshes and for monitoring of these habitats. They are important for projects concerning landscape management strategy in coastal zones.
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